Abstract. The prokaryotic diversity of the hot springs Sındırgı, Güre, and Havran in the Balıkesir Province and Eynal in the Kütahya Province, both located in the western part of central Anatolia, was analyzed and compared using cultivation and cultivation-independent methods, including Fluorescence In Situ Hybridization (FISH) and cloning of PCR-amplified fragments of 16S rRNA genes. A total of 66 isolates were obtained from the cultures. They were identified to the species or genus level as Geobacillus, Bacillus, Brevibacillus, Aneurinibacillus, Anoxybacillus, and Aeribacillus. As a result of the FISH study, only bacteria domain signals were received, but arkea domain signals were not. A total of 265 clones from the 16S rRNA gene library were analyzed with Amplified Ribosomal DNA Restriction Analysis. These bacterial clones were identified as the genera Anoxybacillus, Meiothermus, Uncultured bacterium, Aneurinibacillus, Brevibacillus, Bacillus, and Geobacillus. This research highlights the prokaryotic diversity of hot springs in the Balıkesir and Kütahya Provinces.
Introduction
Waters that are located near the magma layer, formed by the heating of groundwater, and disturbed on the fault line are called hot springs. Turkey is one of seven countries in the world that are rich in hot springs, with almost 1300 thermal springs throughout Anatolia (Akkaya and Kıvanç, 2002) . Nowadays, thermophilic bacteria have significance due to their characteristic enzymes that resist high temperatures and biogas production by decomposition (Kardos et al., 2011) . Hyperthermophile enzymes such as amylase, xylenase, protease enzymes, and DNA polymerase from thermophiles are extremely important in industrial areas and genetic engineering research. Therefore, demonstrating the microbial properties of thermal springs is important for industry and the economy. For this reason, studies on the discovery of microorganisms and new enzymes have become more common (Rifaat et al., 2005; Demirjian et al., 2001 ).
The Balıkesir and Kütahya Provinces are located in western Turkey, which are both well known for their hot springs. Several springs in different regions of these provinces have been known to geologists for many years. However, their prokaryotic diversity has not been explored with molecular phylogenetic approaches.
In the present study, we have used the 16S rRNA methodology to determine the prokaryotic community structure of some of the most popular hot springs of Balıkesir and Kütahya: Sındırgı (93°C), Güre (65°C), Havran (62°C), and Eynal (70°C).
Materials and Methods

Isolation and morphological determination of cultures
Four hot springs were analyzed (Figure 1,2) . Water samples were collected with sterile glass bottles during February and August 2014. Samples were brought to the laboratory on the same day. For inoculation, 1 liter of each sample was filtered with 0.2-µm pore size sterilized filters, which were placed in a 0.2% Nutrient broth (Sigma Aldrich) and Low Phosphate Basal Medium (LPBM). It contained the following, in grams per liter: NH 4 C1, 1.0; KH 2 P0 4 , 1.0; Na 2 HP0 4 . 7 H 2 0, 0.1; MgS0 4 . 7H 2 0, 0.2; CaC1 2 . 2H 2 0, 0.2; and yeast extract 1.0). It was then left at 55°C and 70°C for several weeks until active biomass became visible. After this, it was purified. Gram staining was applied to isolates and morphological properties were determined with an OLYMPOS BX50 light microscope. 
Fluorescence In Situ Hybridization (FISH) analysis of thermal water samples
For fixation, 1.2 ml formaldehyde (Sigma Aldrich) (37%) was added to 5-ml water samples and incubated at 4°C overnight. Then samples were filtered with a 0.2-µm pore size GTTP filter (Milipore). For hybridization, we used 16S rRNA targeted oligonucleotide probes with a Cy3-tagged Eub 338 and an Arc 344 universal probe. Hybridization was carried out at 46°C for 2.5 h. Next, filters were washed with washing buffer and stained DNA-specific fluorescent DAPI dye, rinsed ethyl alcohol, distilled water, and finally analyzed with a Leica DMIRE2 epifluorescence microscope (Anton et al., 1999) .
DNA extraction from pure cultures and water samples
The bacterial genomic DNA from purified cultures were prepared using the protocol described by the ZR Fungal/Bacterial DNA MicroPrep™ Kit. To obtain total bacterial genomic DNA, water samples (2 liters) were filtered with 0.2-µm pore size filters (Millipore). DNA extraction from filters was performed according to Boutte et al. (2005) . Extracted DNA was stored at -85°C until used.
Cloning of 16S rDNA
The water samples were used for cloning. PCR amplification of the 16S rRNA gene was done in a 3 × 50 µl mixture with a set of universal primers: 27F (AGAGTTTGATCMTGGCTCAG), 21F (TCCGGTTGATCCYGCCGG), and 1492R (TACGGYTACCTTGTTACGACTT) (Nakagawa et al., 2002; Antoniou et al., 2015) . PCR reactions were carried out with an Applied Biosystems® thermal cycler under the following conditions: 25 µl OneTaq® 2X Master Mix with Standard Buffer (New England Biolabs, Inc), 0.2 µM of the forward and reverse primers, and 2 µl DNA in a final volume of 50 µl. Amplification was carried out as follows: one cycle of 3 min at 94°C; 30 cycles of 30 s at 94°C, 1 min at 55°C, and 1 min at 72°C; and a final elongation step of 10 min at 72°C. PCR products were purified with Wizard® SV Gel and a PCR Clean-Up System. Poly (A) extension was performed using a Qiagen® A-Addition kit according to the manufacturer's instructions. Cloning of the PCR products was done with a Qiagen PCR Cloning plus kit following the manufacturer's instructions. White and light blue transformants were purified twice by streaking and then were screened by performing colony PCR with the primer pairs M13F (5'-GTAAAACGACGGCCAGT-3') and M13R (5'-GTTTTCCCAGTCACGAC-3'). The amplification conditions were those described in by Piterina et al. (2010) . Primers were subjected to Amplified Ribosomal DNA Restriction Analysis (ARDRA) to screen the clone libraries.
ARDRA (Amplified Ribosomal DNA Restriction Analysis)
The 16S rRNA gene amplicons obtained from the genomic DNA of the isolates and clones were used for ARDRA with the restriction endonuclease MboI (MBI Fermentas) ( Table 1 ). The digestion reaction was prepared according to the manufacturer's instructions. ARDRA patterns were compared and identical patterns were considered to be from the same group. Partial sequences of 16S rDNAs from representatives of each group were determined. For each ARDRA type, sequencing was carried out with primers 1492R (5´-GTACGGCTACCTTGTTACGAC-3´) and 907R (5′-CCGTCAATTCMTTTRAGTTT-3′) (Lane et al., 1985) by Macrogen (Seoul, Korea) and then these sequences were assembled. Environmental 16S rRNA gene sequences http://www.aloki. 
Analyses of sequence data
All sequences were compared with the BLAST search program on the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov). The top five hits as well as some additional relevant sequences were used for phylogenetic analysis. 16S rRNA sequences from hits of our sequences were obtained through the RDP (Ribosomal Database Project) site at Michigan State University (http://rdp.cme.msu.edu/). Sequences of partial 16S rDNA of cultures and clones were analyzed with the MEGA 6.0 program (Tamura et al., 2007) . All sequences were checked for chimera formation using DECIPHER (ES Wright et al., 2012). The CHECK-CHIMERA program, developed by the Ribosomal Database Project, and the phylogenetic affiliations of their 5´ and 3´ ends were compared.
Phylogenetic analysis
Sequences obtained from the isolates and clones were aligned with the closest strains and retrieved from environmental samples obtained from RDP II and NCBI. Phylogenetic trees were constructed using the MEGA 6.0 program. The Distance Matrix was calculated using the Jukes-Cantor algorithm and the trees were constructed using the Nearest-Neighbor-Interchange (NNI) method. Validity of tree topology was evaluated with the bootstrap method (1000 replicates).
Results and Discussion
Chemical properties of the water samples
Thermal water samples of the springs had different chemical properties, but pH was about 7.13-8.04 in all springs. Chemical analysis of the thermal waters shows that they are neutral and slightly alkaline. Na (1054 ppm), Mg (12.23 ppm), Ca (42.34 ppm), Fe (1.7 ppm), and K (66.38 ppm) ions were highest in the Eynal spring whereas Mn ions (0.03 ppm) were highest in the Güre spring. Each water sample had different chemical properties because of the temperature differences of the sources and geological structure of the schist.
Culture identifications
In total, we obtained 66 pure isolates with different morphologies on agar plates. Like the Gram reaction, 66 isolates were Gram positive bacilli. Their colony colors were white, cream, and yellow and some of them had a mucoid structure. These isolates had 20 different ARDRA profiles with the MboI restriction enzyme. ARDRA profiles of the isolates and their closest Genbank matches are shown in Table 1 .
The Eynal hot spring is more diverse, with 10 different ARDRA profiles and 8 that were not in other springs. According to the cultivation result, Bacillus sp. and Geobacillus sp. were most abundant in all springs. The Aeribacillus genus was obtained from only the Eynal hot spring. Group 
Uncultural molecular analysis based on the 16S rRNA gene
To determine the biodiversity of the thermal sources, we first cultivated water samples and identified those with 16S rRNA gene sequences. In addition, we used culture-independent methods, FISH and cloning. A total of 265 clones containing inserts of the right size were analyzed. First, they were grouped on the basis of their restriction profiles and then representatives from 15 different restriction groups were sequenced with the sequence primer 1492R. The best match to databases was obtained from BLAST analyses of the selected clones ( Table 2) . Most clones were from Group 1, related to Anoxybacillus flavithermus (99% similarity). Groups 7 and 8 were also related to Anoxybacillus flavithermus, with 99% and 100% similarities. 
FISH Analysis
FISH analysis of the hot springs' prokaryotic communities showed that bacterial species were dominant. The signals of the bacteria specific Eub 338 probe showed that Eynal hot spring had the most species. Long and short bacilli were dominant in all springs ( Figure 5) . Also, there were cells with long chain morphology and spontaneous radiation. These cells were most probably a member of the Cyanobacteria.
In agreement with the culture and cloning results, the FISH results showed that bacilli morphology was abundant in all hot springs. 
Conclusions
Since 16S rRNA is the best conserved part of the 30S rRNA operon, it has been proposed as an "evolutionary clock," which has led to the reconstruction of the tree of life (Woese, 1987) . The 16S sequence analysis is used to identify and classify isolated pure cultures and estimate bacterial diversity in environmental samples without culturing through metagenomic approaches. The cloning and sequencing of 16S genes amplified directly from extreme environments through metagenomic approaches has demonstrated that microbial diversity is far more extensive than we ever imagined from culture-based studies alone. Culture methods continue to improve to reveal the exact diversity (Janssen et Ghati et al., 2013) . Although Geobacillus and Bacillus species were dominant in our samples, Thermus, Pseudoxanthomonas, Acinetobacter, Paenibacillus, and Thermoactinomycetes species were not encountered in our culture and cloning studies. This is the first study to reveal the diversity of the Güre, Havran, Sındırgı, and Eynal hot springs. Culture-dependent and culture-independent techniques were used simultaneously to target unique regions of the 16S rRNA gene. The isolates obtained in this study have potentially important biotechnological applications because their industrial enzymes are resistant to harsh conditions. These abilities of our isolates will be investigated in future projects.
